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Purpose: Contrast arteriography (CA) is a useful but invasive technique for the preoperative 
evaluation of patients with abdominal aortic aneurysms (AAA). To evaluate the use of 
magnetic resonance arteriography (MRA) as a preoperative study we prospectively studied 
38 patients undergoing AAA repair. 
Methods: All patients underwent biplane CA and MRA with use of a gadolinium-enhanced 
technique. Radiographic studies were then independently evaluated by blinded radiolo- 
gists for anatomic findings with CA used as the standard. Studies were then independently 
evaluated by blinded vascular surgeons, and a surgical plan was made. 
Results: With CA and intraoperative findings as the standards, MRA proved highly 
accurate in the determination of multiple key anatomic elements. The proximal extent of 
aneurysmal disease was correctly predicted in 87% (33/38) patients. Significant iliofemo- 
ral occlusive disease was identified with a sensitivity of 83% (5/6). Iliac or femoral 
aneurysms were detected with a sensitivity of 79% (22/28) and specificity of 86% (41/48). 
Significant renal artery stenosis was detected with a sensitivity of 71% (12/17) and a 
specificity of 99% (72/73). Accessory renal arteries were correctly identified in 71% 
(12/17). Surgeon evaluators correctly predicted the proximal cross-clamp site in 87% 
(33/38) of patients with use of MRA as compared with the actual operative conduct. 
Proximal anastomotic sites were correctly predicted in 95% (36/38) with MRA and 97% 
(37/38) with CA. Renal revascularization was predicted by MRA with a sensitivity of 91% 
(10/11) and specificity of 100% (65/65). The use of bifurcated aortic prostheses was 
correctly predicted by MRA in 75% (12/16), which was similar to that predicted by CA 
(81%, 13/16). 
Conclusions: MRA can provide preoperative anatomic information that is equivalent to CA 
for surgical planning. Because of favorable cost and patient safety considerations MRA will 
assume increasing importance in the preoperative evaluation of AAA. (J VAsc SURG 
1995;21:891-9.) 
The goal of preoperative imaging before ab- 
dominal aortic aneurysm (AAA) repair is to obtain 
necessary information with the least risk and at 
reasonable cost. The role of  arteriography in the 
preoperative evaluation of patients with AAA has 
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been an area of controversy. 1-sSome surgeons favor 
routine or liberal use of contrast arteriography (CA) 
and claim that the anatomic information provided 
can facilitate the performance and improve the 
outcome of AAA repair. Such advocates often cite 
numerous studies documenting a significant inci- 
dence of  "positive" findings when CA is used 
routinely? -4 Opponents of routine arteriography 
cite the invasive nature of  the procedure, potential 
for vascular and contrast-induced complications, the 
significant added cost, and the failure of prospective 
studies to document its value, s Certainly all would 
agree that in certain clinical situations the infor- 
mation provided can be crucial to successful AAA 
repair. 
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Magnetic resonance imaging (MRI) has been 
used with success to evaluate patients with AAA. 
The main limitations, much like those of computed 
tomography (CT) or ultrasonography, have been in 
the evaluation of occlusive arterial esions and ac- 
cessory renal arteries. 61° More recently, magnetic 
resonance angiography (MRA) has shown promise 
in the evaluation of occlusive disease of the ab- 
dominal aorta and renal and lilac arteriesY 13 When 
used in the evaluation of patients with AAA, pre- 
liminary reports have indicated that MRA findings 
correlate well with CA regarding anatomic 
findings. 14"16 These studies are limited in that they 
do not take into account clinical factors, which in 
conjunction with anatomic findings provide the 
basis for surgical therapy. 
Although anatomic orrelations are encouraging, 
the ability of MRA to provide asurgeon with enough 
data to plan a complex aortic reconstruction has not 
been well tested. Surgical planning involves a combi- 
nation of clinical factors, as well as the surgeon's own 
interpretation of radiologic study results. We pro- 
spectively evaluated 38 patients with AAA by using 
both standard CA and MICA with a gadolinium- 
enhanced technique to determine the adequacy of 
MICA as a preoperative planning tool. 
PATIENTS AND METHODS 
From March 1993 through April 1994 38 
patients (31 men and 7 women) with AAA diagnosed 
by ultrasonography or CT were referred for both 
MRA and CA and subsequent surgical repair. These 
patients represented 31% of those undergoing AAA 
repair during this time period at our medical center. 
Patients requiring urgent or emergency (symptom- 
atic) AAA repair were excluded from the study. 
Patients with thoracoabdominal extent were ex- 
cluded from the study because the proximal aspect of 
their aneurysm would be outside the field visualized 
with our MRA sequences. Patients with conttaindi- 
cations for CA or MRA were similarly excluded. 
These included patients with contrast dye allergies, 
pacemakers, metallic prostheses, hardware, or claus- 
trophobia. Most exclusions were due to the logistical 
considerations of obtaining outpatient studies on 
patients traveling considerable distances and the 
available MRA imaging time. During the period of 
this study, only a single magnet was available for all 
outpatient MRI studies. Clinical patient data were 
recorded on hospital admission. Past medical history 
was recorded according to Ad Hoc Committee 
Reporting Standards. 17
Conventional CA was performed by way of a 
common femoral approach with a 5.0F pigtail 
catheter or a 6.3F straight catheter with a tip- 
occluding wire (Cook, Bloomington, Ill.). Hypaque 
76 (Sanofi Winthrop Pharmaceuticals, New York, 
N.Y.) or Isovue 370 (Squibb Diagnostics, New 
Brunswick, N.J.) was injected at a rate of 20 ml/sec 
for 2 seconds in the upper abdominal aorta for 
biplane aortography. The catheter was then repo- 
sitioned just above the aortic bifurcation for single 
plane pelvic arteriography injecting at 10 ml/sec for 
4 seconds. Supplemental digital views were obtained 
as needed to delineate vascular anatomy. 
MRA was performed with a 1.5 T GE Signa 
(General Electric, Milwaukee, Wis.) running 4.7 
Signa software and the body coil. Sagittal and 
coronal Tl-weighted spin-echo images with a three- 
dimensional time-of-flight multiple overlapping 
thin-slab acquisition axial volume were obtained by 
use of standard techniques that we have previously 
described. 15A spoiled gradient-recalled pulse se- 
quence was then performed during which a 
gadolinium-based contrast agent (gadodiamide 
[Sanofi Winthrop], gadopentetate dimeglumine 
[Berlex Laboratories, Cedar Knolls, N.J.], or ga- 
doteridol [Squibb Diagnostics]) was slowly hand- 
injected through an upper extremity peripheral 
vein. 15,18 The average dose used was 0.22 mmol/kg, 
with injection volumes never exceeding 40 ml. The 
average MRI time was approximately 45 minutes 
per patient. Image postprocessing was performed at 
an independent General Electric console with use 
of reformatting and Interactive Vascular Imaging 
software (General Electric Medical Systems, Mil- 
waukee, Wis.). This permitted etailed evaluations 
of the aorta, iliac arteries, and proximal celiac, 
superior mesenteric (SMA), and renal arteries. The 
inferior mesenteric artery (IMA) arising from the 
anterior aspect of the aorta was in most cases outside 
of the imaged volume and not evaluated. 
Radiologist evaluation. Imaging studies were 
individually interpreted by a "blinded" experienced 
staff vascular adiologist. Interpretations were made 
without any knowledge of the other imaging study 
(CA or MRA). Usually the attending radiologist 
monitoring the examination would complete this 
evaluation. An estimated length of the aneurysm neck 
(distance from lowest main renal artery to aneurysm) 
was measured, and the aneurysm was categorized as 
infrarenal (> 1 cm), juxtarenal (0 to 1 cm), or 
suprarenal. The number of renal arteries (accessories) 
were then numbered on each side. Occlusive disease 
involving the renal, celiac, SMA, common iliac, 
external i iac, and femoral arteries was then graded. 
Stenotic disease was graded on the basis of focal 
luminal diameter reduction compared with normal- 
appearing artery as follows: 0 (normal) = 0% to 
24% stenosis, I (mild) = 25% to 49% stenosis, II 
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(moderate) = 50% to 74% stenosis, III (severe) = 
75% to 99%, and IV = occluded. 
Surgeon evaluation. Surgical repair was carried 
out in all 38 patients. The operating surgeon had 
access to both CA and MRA. At the time ofaneurysm 
repair, the aneurysm neck was directly measured, and 
the operative findings and procedure details were 
recorded. Surgeons were asked to comment on the 
utility of MRA in the planning of the surgical 
procedure and whether it was believed to provide 
adequate information to plan and carry out the 
procedure. 
Each imaging study was evaluated by a "blinded" 
staff vascular surgeon ot involved in that patient's 
clinical management. The surgical evaluator was 
given the films, the radiologist interpretation sheet, 
and clinical information and medical history on that 
patient. Surgeons were asked to plan a surgical proce- 
dure with the use of a surgical evaluator data collec- 
tion sheet. Data recorded included surgical approach 
(transabdominal, retroperitoneal, or thoracoabdomi- 
nal), proximal cross-clamp site (infrarenal, suprare- 
nal, or supraceliac), an estimate of the aneurysm neck 
length, distal anastomotic sites (aorta, common or 
external i iac or femoral arteries), and the manage- 
ment of renal and visceral rteries (none, aortorenal 
bypass, reimplantation, or endarterectomy). 
MRA was evaluated as a diagnostic method by 
comparison to CA and to the intraoperative findings 
in a series of tables for each anatomic region. From 
these tables it was possible to compute sensitivity and 
specificity, as well as Kappa's measure of agreement 
beyond chance. Radiologist interpretations of ana- 
tomic findings for CA and MRA were then compared 
by use of Kappa agreement scales with CA as the 
standard. Similarly, the surgical plans derived from 
both CA and MRA were compared against the actual 
operative procedures and Kappa levels of agreement, 
as well as p values calculated. 19These indexes were 
computed by use of a statistical software package 
(BMDP-4F, Los Angeles, Calif.) on an IBM- 
compatible personal computer. Values of Kappa 
greater than or equal to 0.75 are considered torepre- 
sent excellent agreement beyond chance, whereas val- 
ues below 0.40 are considered to represent poor 
agreement beyond chance. Values between 0.40 and 
0.75 are taken to represent moderate agreement be- 
yond chance. For testing the hypothesis that the rat- 
ings are independent, that is, that there is no agree- 
ment beyond chance (Kappa = 0), a t statistic is pro- 
vided by the software program. If t is sufficiently 
large, the hypothesis 0fno agreement may be rejected 
at the associatedp level of 0.05 or less. Thus ap value 
of less than 0.05 indicates tatistically significant 
agreement beyond chance. 
Table I. Patient demographics 
Associated medical No. 
condition (n = 38) % 
Smoking history 28 74 
Hypertension 26 69 
Heart disease 25 66 
Pulmonary disease 16 42 
Renal insufficiency 6 16 
Diabetes mellitus 3 8 
Claudication 2 5 
RESULTS 
The patients' ages in this study ranged from 57 to 
83 years (mean 70.3). Associated medical problems 
noted were consistent with those published in other 
series of AAA and are listed in Table I. CA and MRA 
were performed in all patients without procedure- 
related complications. The average total examination 
charge for CA was $3000 and for MRA (aortic MRI 
and MRA) was $1500. These charges were calculated 
by including the cost of the radiologic procedure, 
materials, and professional interpretation fees only. 
MRA was uniformly performed on an outpatient ba- 
sis, whereas CA was usually performed the day of 
admission to the hospital, I day before surgery. Sur- 
gical repair of AAA was carried out successfully in all 
38 patients. There were no postoperative (30-day) 
deaths. 
MRA provided high-qu~ty images that resem- 
bled CA in many aspects. When compared with 
intraoperative findings, MRA correctly identified the 
proximal extent (infrarenal, jux~carenal, or suprarenal) 
of aneurysms in 33 of 38 patients (87%, Table II). 
This compared well with CA, which accurately de- 
scribed the extent of aneurysms in 35 of 38 patients 
(92%). Of those five aneurysms not correctly pre- 
dicted by MRA, four disagreed by 1 cm or less. Of 
eight patients with juxtarenal or suprarenal extent, 
MRA accurately documented seven (88%). If juxta- 
renal and suprarenal neurysms were to be combined 
into a single group, MRA would have a sensitivity of 
100% (8/8), with only three false-positive results. 
Similarly, CA was also noted to have a sensitivity of 
100% (8/8) with three false-positive r sults. 
Proximal cross-clamp sites predicted with use of 
CA and MRA compared with the actual conduct of 
the operation are depicted in Table III. Proximal 
anastomotic sites were predominantly infrarenal (34 
of 38) with only one suprarenal nd three supraceliac 
anastomoses. Surgical evaluators correctly predicted 
proximal anastomosis sites in 95% (36 of 38; Kappa 
0.70, p = 0.07) with MRA and in 97% (37 of 38; 
Kappa 0.85,p < 0.005) when reading CA. 
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Table II. Proximal aneurysm extent 
Angio * MRA ? 
Suprarenal Juxtarenal Infrarenal Suprarenal Juxtarenal Infrarenal 
Operative findings 
Suprarenal 4 0 0 3 1 0 
Juxtarenal 0 5 0 0 4 1 
Infrarenal 0 3 26 0 3 26 
ANGLO, Contrast arteriography. 
*Observed agreement (35 of 38) was 92%; expected agreement (chance) was 56%; Kappa was 0.82; p < 0.001. 
~Observed agreement (33 of 38) was 87%; expected agreement (chance) was 58%; Kappa was 0.7; p < 0.01. 
Table II I .  Proximal cross-clamp lacement 
Angio * MRA ? 
Infrarenal Suprarenal  Supraceliac Infrarenal Suprarenal  Supraceliac 
Operative findings 
Infrarenal 27 0 0 25 1 1 
Suprarenal 2 4 0 2 4 0 
Supraceliac 1 0 4 1 0 4 
ANGIO, Contrast arteriography. 
*Observed agreement (35 of 38) was 92%; expected agreement (chance) was 59%; Kappa was 0.81; p < 0.0001. 
1-Observed agreement (33 of 38) was 87%; expected agreement (chance) was 56%; Kappa was 0.7; p < 0.0001. 
CA detected significant celiac or SMA occlusive 
disease ( > 50% or grade II or III) in three patients (3 
celiac and 1 SMA). MRA accurately identified all four 
stenoses for a sensitivity of 100%. Two false-positive 
significant celiac stenoses were read in a patient with 
mild (grade I) changes on CA for a specificity of 95%. 
There were no mesenteric revascularizations for 
occlusive disease performed in this series. 
MICA generally provided satisfactory images of 
renovascular occlusive disease (Fig. 1). CA noted a 
significant ( > 50% or grade II or III) proximal renal 
artery stenosis in 17 of 90 (19%) renal arteries 
imaged. Several small accessory vessels were not 
adequately visualized to quantitate for occlusive 
disease by CA or MRA. Grade II or III renal artery 
stenosis was detected by MRA in 12 of those 17 
arteries for a sensitivity of 71%. In three of those 
false-negative r sults, underestimation was by only 
one grade. MRA overestimated renal artery stenosis 
in only one artery for a specificity of 99% (Kappa 
0.73,p < 0.01). 
CA detected 17 accessory renal arteries (Fig. 2). 
These vessels were often small and tortuous, MICA 
correctly visualized 12 of these arteries for a sensi- 
tivity of 71% when compared with CA. Two of the 
accessory arteries not visualized by MRA were noted 
to have significant occlusive disease with CA. No 
additional accessory renal vessels were reported at the 
time of surgical repair. One artifactual ccessory ight 
renal artery was noted by MRA for a specificity of 
95% (Kappa 0.73,p < 0.001). 
Main renal artery revascularizations forassociated 
hypertension rrenal artery preservation were carried 
out in three patients (8%). Of these, transaortic 
endarterectomy was performed on three arteries and 
aortorenal bypass to the other. Compared with t e 
actual surgery performed, surgical evaluators cor- 
rectly predicted the n ed for these additional proce- 
dures in all three patients with use of both CA and 
MRA. Four additional patients required renal revas- 
cularization because of involvement with the aneu- 
rysmal process. Three of these were predicted by 
MRA and all four with CA. 
Accessory renal arteries were revascularized in
three patients and involved four arteries. With CA, 
surgical evaluators predicted the r vascularizations i  
all three patients, with one false-positive result. 
Surgical evaluators with MRA predicted the revas- 
cularization i  two of those patients (three arteries). 
Overall when combining all renal artery revascu- 
larizations, surgical evaluators predicted revascular- 
ization with MRA with a sensitivity of 91% (10 of 
11) and a specificity of 100% (65 of 65; Kappa 0.94, 
p < 0.0001). Surgical evaluators with CA predicted 
the revascularizatlons with a sensitivity of 100% (11 
of 11) and a specificity of 97% (64 of 65; Kappa 0.89, 
p < o.oool). 
Significant (>50%) iliac and femoral artery 
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Fig. 1. A, Contrast arteriogram notes bilateral high-grade renal artery stenosis. B, MRA of 
same patient also noting high-grade bilateral renal artery stenosis. 
Fig. 2. A, B, Digital subtraction contrast arteriograms noting four left and two right renal 
arteries (arrows). C, MRA of same patient noting four left and two right renal arteries. Arrows 
mark lower pole accessory arteries. 
stenoses were seen in only six patients (16%) with 
CA. Of  those, MRA correctly identified two of two 
common iliac and two of three external i iac stenoses 
(Fig. 3, Table IV). Only one femoral artery stenosis 
was noted, and this was visualized by both CA and 
MRA. There were, however, six patients (16%) 
where the common femoral artery was poorly visu- 
alized with MRA and was inadequate to determine 
the extent of occlusive disease. None of these patients 
had significant occlusive disease on CA. 
Iliac aneurysms ( _> 1.5 cm) were identified at the 
time of operative repair in 14 of 38 (37%) patients 
and were bilateral in all cases (28 arteries). Aneu- 
rysms involved the common iliac arteries in all 14 
patients with extension into the right external iliac 
artery in two patients (visualized by both CA and 
MRA). There were no internal iliac aneurysms iden- 
tified in this series. Table V compares the findings of 
MRA and CA with the actual operative findings. 
Table IV. Iliofemoral occlusive 
disease-stenosis > 50% 
MRA 
<50% >50% 
ANGIO < 50% 213 0 MRA sensitivity 83% 
> 50% 1 5 MRA specificity 100% 
ANGIO, Contrast arteriography. 
Observed agreement (218 of 219) was 99%; expected agreement 
(chance) was 95%; Kappa was 0.79;p < 0.001. 
Overall 22 tube grafts, 15 aortoiliac bypasses, and 
one aortofemoral graft were placed. Comparison of 
operative procedures performed and surgeon evalu- 
ator predictions regarding the use of biRlrcated 
versus tube grafts is depicted in Table VI. Overall, CA 
and MRA were equivalent in predicting the use of 
bifurcated aortic prostheses. 
Operating surgeons were asked whether MRA 
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Fig. 3. A, Digital subtraction contrast arteriogram n ting left proximal external iliac high 
grade stenosis (arrow). B, MRA of same patient noting high-grade stenosis of external iliac artery 
(small arrows) and normal right iliac artery (large arrow). 
Table V. Iliac aneurysm > 1.5 cm 
ANGLO ~ MRA 
Normal Aneurysm Normal Aneurysm 
Operative findings 
Normal 
Aneurysm 
42 6 Sensitivity 100% 41 7 
0 28 Specificity 88% 6 22 
Sensitivity 79% 
Specificity 86% 
ANGIO, Contrast arteriography. 
~Observed agreement (70 of 76) was 92%; expected agreement 
tObserved agreement (63 of 76) was 83%; expected agreement 
(chance) was 51%; Kappa was 0.84;p < 0.001. 
(chance) was 53%; Kappa was 0.64; p < 0.02. 
alone would have provided them with adequate 
anatomic data to complete he operation performed. 
In 78% (18 of 23) of cases operating surgeons 
believed that adequate information was provided. Of 
the five surgeons not satisfied with MRA, four noted 
poor visualization of the proximal suprarenal (tho- 
racic) aorta as the main limitation. 
DISCUSSION 
Aortic aneurysm disease represents he thirteenth 
leading cause of death in the United States and is the 
primary cause of death in 15,000 patients yearly. 2° 
The use of preoperative arteriography in patients 
with AAA can provide crucial anatomic information. 
Although its routine use is controversial, many 
surgeons contend that the results of surgery will be 
superior if one has maximal preoperative knowledge 
of the arterial anatomy. 1-4 The advantages of preop- 
erative arteriography are many. By offering the best 
way to visualize the aneurysm "neck," a surgeon may 
plan an operative approach and proximal cross-clamp 
site. Arteriography also is a superior technique to 
evaluate renal and mesenteric vasculature for abnor- 
malities, accessory vessels, or occlusive disease. I1- 
iofemoral occlusive disease is also best evaluated with 
arteriography and not addressed by CT or routine 
ultrasonography. 
Surgeons who oppose routine arteriography of- 
ten cite the potential risk and cost of this invasive 
procedure. They claim that important information 
that will truly modify the operative plan is rarely 
gained and suggest hat arteriography be used in 
selected circumstances only. 4,5 Furthermore, the 
safety of AAA repair with preoperative CT without 
arteriography as been well documented. 21 
The true proximal extent of aneurysmal disease is
crucial preoperative data for the surgeon. When 
juxtarenal or suprarenal extension is suspected, most 
surgeons use arteriography. Arteriography provides 
for complete valuation of the aneurysm neck and 
thereby assists the surgeon in the planning of the 
approach, site of cross-clamp placement, and proxi- 
mal anastomotic site. Patients with juxtarenal neu- 
rysms (neck 0 to 1 cm) usually require a suprarenal 
cross-clamp and infrarenal proximal anastomosis. 
Although mostly infrarenal in this series, MRA 
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Table VI. Distal anastomosis type 
ANGLO* MRA ? 
Tube Bifurcate Tube Bifurcate 
Operative findings 
Tube 15 7 Sensitivity 81% 16 6 Sensitivity 75% 
Bifurcated 3 13 Specificity 68% 4 12 Specificity 73% 
ANGIO, Contrast arteriography. 
*Observed agreement (28 of 38) was 74%; expected agreement (chance) was 50%; Kappa was 0.47; p < 0.01. 
tObserved agreement (28 of 38) was 74%; expected agreement (chance) was 50%; Kappa was 0.47; p < 0.01. 
was very accurate in the evaluation of proximal 
aneurysm extent. Although MRI has been shown to 
be highly accurate in determining proximal aneurysm 
extent in other series, our study notes that MRA 
offers surgeons ufficient data to plan the placement 
of the aortic cross-clamp, as well as the proximal 
anastomosis.7-10,14-16 
The relatively low sensitivity (71%) of MRA to 
detect high-grade renal artery stenoses seen with CA 
was somewhat unexpected. MRA will in fact often 
overestimate arterial occlusive disease. 11 Previous 
reports from our group and others have noted 
sensitivity for these lesions ranging from 89% to 
100%. 12,Is Similarly, the high specificity (99%) when 
compared with CA was also not expected. As 
previously mentioned, three of those stenoses under- 
estimated were by one grade only. This change in 
sensitivity from our previously reported results re- 
flects the addition of 11 patients to our study group.~S 
Although used as the gold standard for comparison 
purposes, CA may have inherent inaccuracies, espe- 
cially with regard to eccentric plaques. It is also 
difficult if not impossible to verify CA findings of 
renal or mesenteric occlusive disease during opera- 
tion. Altogether, only three patients underwent renal 
revascularization for hypertension or renal preserva- 
tion. With regard to this critical subgroup, the 
information required and the surgical plans devised 
were similar with both CA and MICA. 
The detection of small accessory renal vessels has 
been notoriously poor with MRI and MRA, with 
sensitivities ranging from 28% to 92%) °,1416 Our 
0 results noting 12 of 17 arteries visualized (71 ~ ) seem 
consistent with the more recent reports. Overall 12% 
of patients with AAA are noted to have significant 
accessory renal vasculature) 5 Because these may be 
end arteries upplying significant renal parenchyma, 
it is often necessary to revascularize those vessels 
greater than 2 mm in diameter. In this series, only 
three accessory vessels required revascularization. 
The remainder either were too small and were ligated 
or arose from nonaneurysmal orta and did not 
interfere with AAA repair. 
The detection and evaluation of lower extremity 
occlusive disease with MRA has been the subject of 
several other studies including our own. 22,23 The 
observed low incidence of iliofemoral occlusive 
disease in our patients with AAA (16%) was sig- 
nificantly lower than previously reported in the 
literature) s Because of the tortuosity of iliac vessels 
especially with associated aneurysmal disease, MRA 
visualization can be poor. xs-x6 In those patients with 
significant stenoses, five of six were adequately 
visualized. The one underestimated stenosis was by 
one classification grade. Femoral artery visualization 
was poor in six patients because of their large physical 
size bringing their femoral arteries out of the imaged 
volume. Correction for this would require larger 
front-to-back-imaged volumes, which possibly could 
compromise iliac and mesenteric mages. 
Distal aneurysm extent was correctly estimated in
most patients with both techniques. Although CA 
was more sensitive to iliac aneurysm, both techniques 
had significant false-positive rates when judged by the 
criteria of an aneurysm found at surgery. Most 
surgeons agree that the iliac arteries are routinely 
evaluated for aneurysm at the time of AAA repair. In 
our patients both CA and MRA had similar ability o 
aid surgical evaluators in predicting the use of 
bifurcated grafts to the iliac or femoral arteries. 
Visceral vessel (celiac and SMA) disease was un- 
common in our patients, and there were no mesen- 
teric revascularizations except when involved with 
the aneurysm itself. We therefore cannot draw major 
conclusions regarding the ability of MRA to assist in 
planning mesenteric revascularizations. MRA did, 
however, allow for lateral visualization of normal ce- 
liac and superior mesenteric origins in most patients. 
IMA blood flow was not evaluated because it was 
usually outside the volume imaged. No IMA revascu- 
larizations were performed in our patient population, 
and no clinically significant colonic ischemia was 
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noted. It is our policy to routinely attempt to preserve 
hypogastric artery perfusion when possible and to 
evaluate the IMA and colonic perfusion during op- 
eration. 
The addition fgadolinium-based contrast agents 
improves visualization f blood by decreasing the 
effective Tl. 11,18 This improves the ability to obtain 
images of the vascular lumen and quantitate for 
occlusive disease. Continuing evolution of technol- 
ogy, software, contrast agents, and ability of the 
radiologists and surgeons to interpret the data 
accurately will continue to change and improve MRA 
as we know it. 
In conclusion, the debate regarding routine use of 
arteriography in patients with AAA continues. Re- 
cent advances in MRI and MRA have improved our 
ability to noninvasively obtain information formerly 
available from CA only. 11-16 In our study MRA 
provided equivalent information with respect o a 
variety of anatomic variables important o surgical 
planning with the exception of inferior mesenteric 
anatomy. In environments where high-quality MRA 
is available, it can be substituted for CA as the 
preoperative imaging study for AAA in most pa- 
tients. Mthough not addressed inour study, the axial, 
saggital, and coronal views provided by the MRI 
component of MRA provide much of the same data 
as CT. This is especially noted with respect o the 
relationship with the renal vein, the aneurysm extent, 
miscellaneous and incidental findings. 6-m Further- 
more these additional data are obtained at a favorable 
cost. At our institution the average total examination 
charge for MRA is $1500 compared with $1700 for 
a CT scan of the abdomen and pelvis. Therefore it 
seems reasonable to obtain MRA alone rather than 
CT/CA as is performed on many patients with 
routine infrarenal AAA. It is our contention, that 
with the favorable cost and the improved accuracy of 
MRA, its increasing use as a preoperative study is 
warranted. 
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DISCUSSION 
Dr. Michael Ricci (Burlington, Mass.). Several tech- 
niques are available to evaluate the aorta before aortic sur- 
gery. Ultimately I believe that each test must be compared 
with the single best test, the operative valuation of the 
surgeon. If one is to choose a preoperative t st that will 
provide the most information for the least risk and cost, 
each surgeon must decide the critical information most 
important to them individually in planning the operation. 
In this study, the authors identified several critical 
factors that should be seen on a preoperative t st, including 
the cross-clamp, the length of the aneurysm neck, and so 
forth. We can see then that MRA appears to be very reliable 
in detecting the proximal extent of the aneurysm and the
presence of iliac stenosis. In the renal arteries, MRA is very 
respectable in detecting disease, although perhaps abit less 
reliable in the presence of aneurysm disease than the resuks 
reported for the evaluation of renal arteries alone. The 
positive and negative predictive values are in the range of 
92%. However, MRA is less successful in the detection of 
accessory renal arteries, and the authors have again shown 
that contrast arteriography remains the gold standard for 
detection of renal artery stenosis. Finally, MRA was also 
less reliable in the detection of iliac aneurysms. 
My questions relate to the practical clinical use of 
MRA. If a patient is referred to the vascular surgery service 
with an aneurysm and has had an adequate CT scan, is 
MRA still obtained? How does MRA help you to decide on 
a surgical approach, retroperitoneal or intraperitoneal? 
Although you may not have experienced this in your study, 
how useful can we expect MRA to be in the detection of 
anomalies uch as retroaortic renal veins, horseshoe kid- 
neys, and the like? Would CT scanning or MRI be better 
in that regard? A previous tudy from this group 1suggested 
that CA revealed several crucial factors in planning 
aneurysm surgery including the presence of accessory renal 
arteries and the status of the mesenteric circulation, notably 
the IMA. Because MRA is less reliable in those areas, has 
your more recent experience l d you to conclude that these 
factors are now less crucial? Finally, although 78% of the 
surgeons responded that adequate information was pro- 
vided by MRA, in reality how many patients had all of the 
important factors you identified at the start of the study 
confirmed at surgery? 
Dr. Michael J. Petersen. When an MRA is obtained 
continues to be an individual choice. Although we clearly 
believe that arteriography in general should be used 
liberally, certainly not every patient who comes in is 
referred for contrast arteriography or MRA. Certainly 
those patients with suspicious juxtarenal or suprarenal 
extension, suspicious renovascular occlusive disease, suspi- 
cious iliofemoral occlusive disease would be strong candi- 
dates for further evaluation with either study. 
How MRA helps determine the approach to the aortic 
aneurysm generally depends on the level of the aneurysm. 
We usually favor a retroperitoneal approach for aneurysms 
extending up above the renal arteries within the abdomen 
or a thoracoabdominal approach for aneurysms extending 
into the region of the celiac and diaphragm. 
Regarding other modalities with MRA, what was not 
addressed in our study is that MRA is also an MRI; axial, 
coronal, and sagittal images are provided to the surgeon 
with these studies, and renal vein abnormalities, horseshoe 
kidneys, and several other intraabdominal miscellaneous 
lesions can be seen quite well with MRA. 
Our initial goal with the study was to prove that MRA, 
was able to assist the surgeon in planning the operation 
adequately and then follow that up perhaps by use of MRA 
as the single major imaging modality, that is, for a patient 
who has an aneurysm on physical examination or by 
ultrasonography. Rather than wasting cost and resources 
on obtaining several studies, one could theoretically obtain 
all of the information eeded with MRA alone. 
Regarding the mesenteric vessels, specifically the IMA, 
this technique clearly had limitations in visualizing the 
IMA, and in most studies flow could not be determined 
whatsoever. It is, however, our practice, as we believe it is 
of most operating surgeons, to evaluate the inferior 
mesenteric vessel during operation, as well as colonic 
perfusion and so forth as a clinical type of evaluation during 
the time of the operation. We do not believe that the 
inability for MRA to obtain images of the IMA mesenteric 
is a significant limiting factor therefore. 
